Wind Water Nexus
Larry Flowers, NREL

o Water Supply & Quality- often as important
as electric supply

e [rrigation & Thermal Electric Generation
accounts for approximately 77% of US fresh
water use

e Population/Urban Growth & Climate impact-
increasing stress on water supplies



Public supply, 11 percent

Puhlic suppky watar intaka, Bay County, Flarida

Irvigateon, 39 pércent

Gated-pize flood imigation, Frement County, Wiyeming

Aguaculture, less than 1 percent

Mining, less than 1 percent

Jafi Varaga, UEDA NRCS

Damestic, less than 1 percent

Total Water
Withdrawals,
2000

aring, Rin Auriba County, Naw Mexicn

Industrial, § percent

Thermoelectric power, 48 percent

Source: USGS Circular 1268, 15 figures, 14
tables (released March 2004 and revised April
and May 2004).Available at:
http://water.usgs.gov/pubs/circ/2004/circ1268/in
dex.html




Sustainable Withdrawal Of
Freshwater |Is National Issue

Total Freshwater Withdrawal, 1995/ Available Precip
percent. mamber of coumnties in parenthieses
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Conflicts between economic development and
water availability will continue across the US

Highest population

=~ growth projected
US population will increase in regions with

significantly (double over | limited water
100 years) - resources

Less Waier

Source: DOE/NETL (M. Chan, July 2002)






Water Use for 2000

Livestock, 3%

Manufacturing,
2%

__—Mining, 1%
Irrigation, 89%

Municpal, 5%

\ Power

Generation, 1%



Acres of Irrigated Land, 1997
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United States - Wind Resource Map

Source: “Wind Energy
Rasource Atlas of the
United States", 1987
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Source of Water
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Colorado

Texas
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Required Energy - kWhrs (millions)

Irrigation Energy Needed &

Wind Energy Available (1997-2000)
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WESTERN RESOURCE
ADVOCATES

Water/Electricity Use at
Fossil Fuel Power Plants

Bart Miller, Water Program Director
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Freshwater Withdrawals and Consumption
Mgal / Day

Thermoelectric
accounts for
~ 39% of withdrawals

Thermoelectric
accounts for
~3% of consumption

Thermoelectric

3,310

Thermoelectric
136,000

Irrigation “Irrigation
137,000 5 81,300
18,500 PR e

Withdrawal Consumption

Ref.: "Estimated Use of Water in the United States in 1995, 7 USGS Circular 1200, 1998
“Estimaied Use of Water in the United States in 2000, USGS Circular 1268, March 2004

EPR! ERArOAManis! S ector Saston 2004

Thomas Feeley, III, “Responding to Emerging Power
Plant-Water Issues — DOE/NETL’s R&D Program”



Cooling Water Withdrawal and Consumption, by fuel and technology in gal/kWh="-

Gallons per kWh
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Thermoelectric Power Plants — Water
Usage

In 2002, nationwide:

 Withdrawals of water v
at all thermoelectric '
power plants = 225
billion gallons/day

o =252 million acre- i 2
feet % ;
Ao

« ~ 3, size of Lake Erie

Source: Western Resource Advocates




Wind energy doesn’t consume water




DESALINATION
and WIND ENERGY

Johannes Theron
Abe Springer
Amanda Ormond
Tom Acker



World us

Total water use (af/day) 8,700,000 | 1,250,000
Desalination capacity (af/day) 18,000 2,840
Specific use (af/person/year) 0.5 1.7

Northern Arizona University and Ormond Consulting




Technology

Mechanical

Electrical

Chemical

Heat

Reverse Osmosis

Electrodialysis
Capacitive deionization

Hydrate separation
Freeze separation
lon exchange
Solvent extraction

Distillation
Mechanical Vapor Compression
Solar Distillation
Flash & Multi-effect Distillation

 Distillation practiced since ancient times
 ED since 1920s
RO since 1950s

« Capacitive deionization not full-scale

Northern Arizona University and Ormond Consulting




INSTALLED CAPACITY

Multi-stage Flagh - 44.4 %

Vapor Comprassion - 4.3 5% -

P ulzi-effect Evaporation - 4.1 % : Other - 0.5 %
Clecirndislysis « 5.6 T
Fevarss DEmosis smnd
iamhbrane Saltening - 211 %

* Flash distillation & RO dominate
« MVC & ED minor players

Northern Arizona University and Ormond Consulting



APPLICATION DOMAINS

1 oo Lo ook FLIRR RS
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 Distillation & RO - seawater & brine
e ED & IX & RO - brackish water

Northern Arizona University and Ormond Consulting



World - 8,600 plants

Maijority of facilities in Middle East (MSF)

US 20% of world plants

TX (100+ brackish plants) Sherman - 80af/day

FL (10+ plants) Tampa Bay - 77af/day??

CA (10+ plants) - 8.5 af/day (712af/day proposed)
WA, ID, MT, NC, NJ, HI, VA, CO, AZ

Northern Arizona University and Ormond Consulting



Cost is a function of saline content & plant size
Electricity the major cost component (RO&ED)

Fuel cost dominate for distillation processes
Pretreatment cost vary with technology (RO~$0.13/m3)
Cost of brine disposal should be considered

Tampa Bay - 14MW installed (77 af/day desal)

Northern Arizona University and Ormond Consulting



The Energy-Water Nexus and the
Municipal Sector

Robert Wilkinson, Ph.D.

Director, Water Policy Program
Bren School of Environmental Science and Management
University of California, Santa Barbara



Demographic Changes: Population Has Grown Fastest
in the West, Particularly in the “Public Land States”

Percent Change in Resident Population for the 50 States
and the District of Columbia: 1990 to 2000
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- Darker areas
denote faster
growth rates.

- Nevada (66%)
and Arizona
(40%) lead the
nation.

- Intermountain
states average
about 30%.
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Public Supply Withdrawals, 2000

Total withdrawwals
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Total Public Withdrawals

and Population

Billion Gallons/Day
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Hot Spots

[ Potential Water Supply Crises by 2025

[Areas whens & xEling supplies are nol adequaie 10 mael
water demands for people, for farms. and for the emvironmsnt)
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Drought Impacts

Reduced water for thermal power
production

Increased demand by both urban and
agricultural users

Increased pumping requirements to
meet demand (both surface and
groundwater)

Reduced hydropower production



Opportunities for Wind-\Water
Processing

o \Wind-Hydro Integration

e Desalination

e Irrigation

e Municipal Waste Water Treatment

e Coal Bed Methane Extraction Water Treatment

e Stock Watering

o Next Step:
—Strategic Options Development
—Collaboration with Desal. & Irrigation Institutions
—Coordination with InterLab Wind-Water Group



Humanity's Top Ten Problems

for next 50 years

ENERGY

WATER

FOOD
ENVIRONMENT
POVERTY
TERRORISM & WAR
DISEASE
EDUCATION

. DEMOCRACY

2003 6.3 Billion Peopl
10. POPULATION 2050  9-10 E:II:E:P:EEI:
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Source: Nobel laureate, Richard Smalley



